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Isolation and Characterization of Pigmented bacteria for Dye Sensitized Solar Cell 
Application 
Lily Yek Slew Ling 
Resource Biotechnology program, 
Faculty of Resource Science and Technology, 
University Malaysia Sarawak. 
ABSTRACT 
Natural bacterial pigment from the microorganism was an attractive alternative choice of 
photosensitizers in dye-sensitized solar cells. In this study, Paracoccus sp that are able to 
produce astaxanthin and bacterium capable of melanin production on nutrient agar were 
isolated and identified through biochemical test and DNA gene sequencing method. 
Bacterial pigments were purified and characterized using Thin Layer Chromatography, Gas 
Chromatography- Mass Spectrophotometer, Ultraviolet-visible, and Fourier Transform 
Infrared Spectroscopy analysis. Dye-sensitized solar cell that apply brown bacterial 
pigment as organic dye produce 63.4 mV at the 3`l day while dye-sensitized solar cell that 
apply orange bacterial pigment as organic dye produce 49.6 mV at the 3'd day. 
Key words: Dye-sensitized solar cells, bacterial pigment, Paracoccus sp., Gas 
Chromatography- Mass Spectrophotometer, Fourier Transform Infrared 
Spectroscopy analysis 
ABSTRAK 
Pigmen bakteria yang semula jadi daripada mikroorganisma adalah pilihan alternatif 
menarik sebagai fotopemeka dalam sel-sel suria pewarna-sensitif. Dalam kajian ini, 
Paracoccus sp yang dapat menghasilkan astaksantin dan bakteria yang mampu 
menghasilkan melanin pada agar nutrien telah diasingkan dan dikenal pasti melalui ujian 
biokimia clan kaedah penjujukan gen DNA. Pigmen bakteria telah ditulenkan dan dicirikan 
dengan menggunakan Kromatografi lapisan nipis, Gas kromatografi-Mass 
spektrofotometer, Ultraungu-nampak spektrometer, dan Fourier-Transform Inframerah 
Spektroskopi analisis. Pewarna-sensitif sel suria yang menggunakan pigmen bakteria 
berwarna coklat sebagai pewarna organik telah menghasilkan 63.4 mV path hurl ke-3 
manakala pewarna-sensitif sel suria yang menggunakan pigmen bakteria oren sebagai 
pewarna organik telah menghasilkan 49.6 mV pada hari ke-3. 
Katz Kund: Pewarna-sensitif sel suria, Pigmen bakteria, Paracoccus sp., Gas 




The depletion and shortage of the fossil fuel resources had increased the awareness 
for the development of the alternative energy resources. In addition, the demand of energy 
is rising with the increasing human population. 
Among the available renewable energy technologies, solar cell has high potential in 
generating electric power. World-wide forecasts estimate that in 2050 the contribution of 
photovoltaic will present 20 to 25% of global production of electricity (Heusing & 
Aegerter, 2012). 
Silicon-based solar cells have achieved electricity conversion efficiencies ranging 
from 15% to 20% (Grant et al., 2002). However, the reasons of high fabrication cost (Shah 
et al., 1999), production of toxic waste materials, and usage of toxic chemicals in the 
process of manufacturing purified silicon (Williams et al., 2002) has promote the 
development of environmentally friendly, low cost solar cells - Dye sensitized solar cell 
(DSSCs). 
Dye sensitized solar cell is commonly recognized as a low-cost solar cell (Kay & 
Grätzel (1996) which belong to the group of thin film solar cells that are third generation of 
photovoltaic. The manufacturing cost of DSSCs is approximately 1/3 to 1/5 times of 
manufacturing cost of silicon solar cells (Regan & Griltzel, 1991). The application of light- 
absorbing dyes provides another opportunity to increase the efficiency by expanding the 
absorption spectra and reduce costs (Chen et al., 2008). 
The photosensitizer is the core of the device because it plays an essential role in 
determining the overall solar conversion efficiency of a DSSC cell (Rosana et al., 2015). 
The photosensitizer (dye molecule) initiates the process of generating electrical power by 
absorbing the sunlight. As of 2009, the certified record efficiency of dye-sensitized solar 
cells was 11.1%, and suggested lifetime exceeding 10 years (Boschloo & Hagfeldt, 2009). 
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To date, the most effective and stable dyes used in dye sensitized solar cells are based on 
ruthenium and osmium metal-organic complex that require multistep synthetic procedures 
and careful chromatographic purification. Therefore, there is an urgent need for the 
discovery of organic dyes to replace the synthetic dyes and increase the solar conversion 
efficiency. 
Researchers have shown that plant pigments are suitable sensitizers for these solar 
cells but the overall conversion efficiencies of the dye-sensitized solar cell that use plant 
pigment as the natural photosensitizers till very low. The efficiency of the solar cells is 
one of the major limiting factors of this cell. Majority of the researches done are based on 
the natural pigments that have been extracted from plant. Therefore, it is an urgent need to 
figure out the alternative of the natural pigment which can be isolated from bacteria. 
Therefore, the bacterial pigments that extracted in this research were used as 
photosensitizer in the dye-sensitized solar cell. 
The objectives for this research study are to isolate pigmented bacteria from the 
water sample and apply the bacterial pigments as the organic dyes on the dyes sensitized 
solar cell then measure the open-circuit voltage of the solar cell. Hence, this research 
conducted to isolate bacterial pigments that are able used as organic dyes in DSSCs. 
10 
2.0 Literature review: 
2.1 Dye sensitized solar cell 
2.1.1 Introduction of DSSCs 
In the year 1974, Melvin Calvin proposed the idea of a photo-electrochemical cell 
that based on a synthetic membrane where carotenoids were used as a wire inside the 
membrane. This model was the first model introduced that was directly converts sunlight 
into electric energy by using membranes and pigments (Calvin, 1974). Dye sensitized solar 
cell which formerly known as GrAtzel cell (Regan & GrAtzel, 1991) is the first version of 
dye solar cell which was developed by Michael GrAtzel in the year 1991 at Swiss federal 
institute of technology, Lausanne, Switzerland. It received considerable attention since 
O'Regan and Grätzel reported high conversion efficiency of nearly 10% by using 
nanocrystalline mesoporous TiO2 film (Karuppuchamy et al., 2002). 
Dye sensitized solar cells (DSSCs) is one of the world's leading innovation in 
nanosciences and photovoltaic technology due to their high energy conversion efficiency 
(Gong et al., 2012), environmental friendly nature, low cost potential, light weight, 
recyclability, attractive appearance, and ease of manufacture (Hardin et al., 2012). 
Shauddin (2013) reported that DSSC convert the sun's radiation into electrical energy 
based on the semiconductor which formed between a photo-sensitized anode and an 
electrolyte, photochemical system. 
2.1.2 Components of DSSCs 
According to the Gong et al., (2012), components that are essential in the DSSCs 
are transparent conductive oxide (TCO), nanocrystalline titanium dioxide layer (Ti02), 
photosensitizers (dye), electrolyte, gasket, and platinum catalyst layer. Transparent 
conductive oxide (TCO) functions as substrate and commercialized carbon fibres (Hou et 
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al., 2011) as counter electrode, Electronic-insulating coating of CaCO3 (Wang et al., 
2006)on nanocrystalline titanium dioxide layer (TiO2) to increase electronic conduction, 
and a single layer of organic dyes act as a light harvesting pigment for the purpose of light 
absorption (Halme et al., 2008). 
Titanium Oxide is a white semiconductor that doesn't absorb visible light (Daut et 
al., 2013). Therefore, it is necessary to colour, or sensitized, the titania electrode with a 
dye that can absorb much light as possible in the visible light spectrum and the best charge 
generation is from the thinner TiO2 thickness layer which is 40 pm compare to others 
(Irwanto et al., 2013). Active charge for charge injection is only effective with extremely 
thin layers because thick organic films do not transfer photo-excited charges as well as 
thin films. 
The electron that lost by the dye due to the light absorption are replaced by the 
iodide inside the electrolyte quickly, liquid iodide electrolyte important for dye 
regeneration. Meanwhile, platinum catalyst layer or carbon-based materials are important 
for the reduction of tri-iodide ions to the iodide ions. UV filters can also be used since 
carotenoids and other (natural) dye are sensitive to UV light. For instance, 
Tetraethylorthosilicate has been used to decrease the UV degradation of Beta vulgaris 
pigments in DSSCs (Hernändez et at., 2013). 
2.1.3 Principles of Operation of DSSCs 
The dye-sensitized solar cell differs from other solar cells in two primary ways: light 
absorption and charge transport are separated (Grätzel, 2005). In DSSCs, light absorption 
occurs in the dye sensitizer and charge transport occurs in the TiO2 and electrolyte. This 
separation brings the advantages such as low carrier recombination (Gregg et al., 2001), or 
back reaction of injected electrons, and a high tolerance for impurities (Lenzmann & 
Kroon, 2007). The efficiency of the cell depends mainly on the kinetic of electron transfer. 
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Once the sensitizer has been regenerated, the cell has transformed light into electric 
energy without permanently changing its chemical structure. 
In addition, the deep penetration of the dye into the TiO2 increases the contact 
between dye molecules, TiO2, and the electrolyte. When the light strikes the cell, a dye 
molecule is excited and an electron is injected at an extremely high rate into TiO2 
semiconductor. The development of the new organic dyes raises hope for the synthesis of 
the dyes that can inject in the whole visible and the near infrared (NIR) with higher 
efficiency. 
2.1.4 Natural photosensitizers 
An early proof that carotenoids can function as photosensitizers in DSSCs was with 8'- 
apo-ß-caroten-8'-oic acid bound to TiO2. Besides that, several extracts from red Sicilian 
orange, purple eggplant fruit (Calogero & Di Marco, 2008), rosella, blue pea plant 
(Wongcharee et al., 2007), black rice, capsicum, rosaxanthiana, kelp and bougainvillea 
(Hao et al., 2006) have been used as efficient photosensitizers in the dye sensitized solar 
cell. Among the extract of natural fruit, leaves and flower chosen, the black rice extract 
(Yuliarto et al., 2010) show good photosensitized effect, this was due to the better 
interaction between the carbonyl and hydroxyl groups of anthocyanin molecule on the 
black rice extract and surface of TiO2 porous film. 
Natural dyes can be a viable alternative to the synthetic dyes owing their 
advantages such as easy preparation, inexpensive nature, eco-friendly nature and 
biodegradable nature and wide availability. Plant pigments such as chlorophylls, 
carotenoids, flavonoids and betalains have been used as photosensitizers over last two 
decades (Liu et al., 2008). However, the highest conversion efficiency (1) with single 
carotenoids was 2.6% (Wang et al., 2006), the combinations of carotenoids and chlorophyll 
derivatives only can increase the I to 4.2% (Wang et al., 2006) 
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2.1.5 Requirement of dyes 
Dyes that employed in highly efficient DSSC have to meet several requirements (Zang, 
2011), for example the absorption spectrum on the nanoporous TiO2 layer (Liu et al., 
2012), the energy level of the ground/excited state (Ma, Zhang, & Meng, 2014), and 
stability. 
2.1.5.1 Absorption spectrum on the nanoporous TiO2 layer 
The fraction of the light that absorbed is determined by the absorption coefficient and the 
concentration of the dye within the nanoporous TiO2 (Bube, 1990). Therefore, the dye 
should have a high absorption coefficient in the visible region (Gao et al., 2008) and high 
affinity to the TiO2 (Shankar et al., 2008) to ensure a dense coverage of the surface. 
Theoretically, the short circuit current can be significantly improved if the dyes with an 
absorption that extends into the near infrared (NIR) region are used (Robertson, 2006). 
2.1.5.2 Energy level of the ground/excited state 
The energy level of the excited dye molecule should be about 0.2-0.3 eV above the 
conduction band of the TiO2 to ensure efficient charge injection (Meng et al., 2008). The 
activation energy for the reduction of the oxidized sensitizer is high and the corresponding 
rate constant too slow to compete with the dye regeneration by the electrolyte. The energy 
level of the dye can shifted if it agglomerates on the T1O2-surface when at high dye 
coverage. 
2.1.5.3 Stability 
Research had been done by Hinsch et al (2001) to test the long term stability of the dye 
sensitized solar cells against several stress factors: visible light, UV light and temperature. 
The sensitizers need to have the ability to sustain operation without significant 
degradation. 
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2.2 Characteristics of pigmented bacteria 
Microbial pigments have many advantages compared to artificial pigments because 
the pigment production from microorganisms are efficient and abundantly. The pigmented 
bacteria generally appear in greatest abundance in clean, low nutrient (oligotrophic) waters 
and commonly are `slow-growing pigmented water bacteria' (Herman, 1976) which 
required more than 48-hour incubation period. Pigmented microbes can grow easily in the 
culture medium (Dufosse, 2006). Their broad ranging activities, easy preparation, high 
productivity characteristics make them attractive to science. To enable the bacterial 
pigment useful in the DSSCs, the bacterial pigments must have acceptable stability when 
exposed to environmental stresses, especially UV light. UV light initiates undesirable free- 
radical reactions that ultimately lead to degradation. 
15 
3.0 Materials and Methods 
3.1 Sampling Locations and Sample Collection 
Water sample collections were carried out by using 250 mL pre-sterilized Schott bottles at 
different spot of the Unimas's lake in order to isolate desired pigmented bacteria. 
3.2 Medium Preparation 
The apparatus and materials used such as beaker, test tube, Schott bottle, and pipette tips 
were autoclaved at 121 °C for 1 hour 30 min. Nutrient agar (8g/L), LB agar (40g/L), 
T ypsotic soya agar (TSA), Luria Bertani Broth (25g/L) and nutrient broth (13g/L) were 
prepared as a medium to grow bacteria that have been isolated from the Unimas lake water. 
3.3 Bacterial Growth 
Bacteria were cultured by spread on the nutrient agar plate. The pigmented bacteria were 
selected and sub-cultured by streaking on the nutrient agar or trypsotic soya agar that 
provide enough nutrient and growing space to the bacteria. The grown bacteria on the agar 
plate were the stock cultures for this experiment. All the procedures were done under free 
contaminated condition by applying of the aseptic technique. 
3.4 Isolation of pigmented bacteria colonies 
3.4.1 Serial dilution method 
This step was done by referring to Tauro et al. (1986). A culture can be purified by 
serially diluting the mixed culture in a sterile liquid medium. Dilution of the water samples 
that have been collected was performed by ten-fold dilution. Therefore, 4 sterile dilution 
tubes were prepared and labeled with 10'', 10"2,10-3, and 10-4.9 mL of distilled water was 
aliquot into each tube using sterile pipette. Next, I mL of the water sample was transferred 
into the 10'' dilution tube by using new pipette and mixed thoroughly by vigorous shaking. 
After that, 1 mL water sample from the 10"' dilution tube was transferred into the 10"2 
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dilution tube. The dilution tube was shaking vigorously after the addition of the water 
sample. Vigorous shaking was performed to disperse the bacteria equally and separate the 
bacterial clumps. The concentration of the bacteria in this tube is 1/100 of the original 
sample. The processes were repeated for dilution factor 10-3 and 10-4. 
3.4.2 Broth culture method 
A single loop of bacteria cultures is transferred aseptically into the Luria Bertani broth and 
nutrient broth and followed by incubation step at room temperature for 2-4 days for the 
purpose of bacterial pigment extraction process. 
3.5 Bacteria Identification (Biochemical Test) 
3.5.1 Gram Staining 
The bacteria sample was heat-fixing on the slides by quickly passed over the flame. 
After heat-fixing process, the slide is then ready for staining. First, the slide was flooded by 
crystal violet and being left for 1 minute. Then, the slide was rinsed by distilled water prior 
to staining with iodine solution. The slide was being left for another one minute and then 
rinsed by using distilled water. Next, the slide was flooded with the decolourizer (95 % 
ethyl alcohol) and left for 10 seconds. Lastly, the Safranin is being flooded onto the slide 
surface and left again for 45 seconds. The Safranin is rinsed off from the glass slide with 
distilled water and blotted to dry with tissue paper or air dry. After the slide was completely 
dried, it was been observed under the microscope. 
3.5.2 Motility Test (SIM medium) 
Semi-solid motility test medium was boiled before sterilized by autoclaving at 
121 °C for 1 hour and was poured into the test tube. The medium was stabbed with a small 
amount of inoculums and incubated overnight at room temperature. Any changes of the 
medium was observed and recorded. 
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3.5.3 Methyl red test 
MR-VP broth was prepared by mixing the 3.5g of buffered peptone, 2.5g of 
dextrose, and 2.5g of dipotassium phosphate in 500mL of distilled water. Then, the mixture 
is autoclaved at 121 °C for 1 hour. The broth was allowed to cool before the bacterial 
sample was inoculated aseptically into the broth. The broth was incubated by shaking at 
120 rpm, room temperature for 4 days. Finally, 5 drops of methyl red solutions were added 
to observe the colour changes of the broth. 
3.5.4 Voges-Proskeur test 
This test also used MR-VP broth as the test medium. After the bacterial samples 
have been incubate at room temperature for 24 hour, 0.6 mL of 5% a-napthol & ethanol 
(Barritt's A reagent) is added into the broth prior to the addition of 0.2 mL of 40% 
potassium hydroxide (Barritt's B reagent). The test tube is shaken gently in order to expose 
the medium to atmospheric oxygen. The tube is left for 10-15 min for observation and the 
changes were recorded. 
3.5.5 Simmon's citrate test 
Simmon's citrate agar is prepared by mixing O. lg of magnesium sulphate 7-hydrate 
(MgSO4.7H20), 0.5g of ammonium dihydrogen phosphate (NH4H2PO4), 0.5g of potassium 
hydrogen phosphate (K2HPO4), Ig of Sodium Citrate, 2.5g of Sodium Chloride, 7.5g of 
Bacto Agar, and 0.4g of bacto bromothymolblue in 500 mL of distilled water. The mixture 
was boiled before being autoclaved at 121°C for 1 hour. In the glass tube, the agar mixture 
is slantly poured and being left to solidified. After that, the 18-24 hour old bacterial sample 
is lightly streaked onto the slant agar and the inoculums were being left at room 
temperature for 3 days. Changes of the colour of Simmon's Citrate Agar is observed and 
recorded. 
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3.6 Extraction and purification of bacterial pigment (Brown) 
Luria-Bertani broth medium was used for the inoculums preparation and pigment 
production. The bacteria was added into 100 mL LB broth in 250 mL conical flasks and 
incubated at room temperature on a rotary shaker moving at 125 rpm for 56-72 hour until 
the liquid medium was darkly pigmented and nearly opaque. After the incubation, the 
medium was centrifuged by a centrifuge machine at 7500 rpm for 20 minutes. 
Then, the method of the pigment extraction is based on the protocol that described 
by Taragine & Mishra (2014). Three days grown cell suspension was disrupted and 
acidified with IN HCl to the pH2 and allowed stand for a week at room temperature. Then, 
the suspension was boiled for 1 hour to prevent the formation of melanoidins. After that, 
the suspension was centrifuged at 8000 rpm for 20 minutes to collect the pellets. The black 
pigment pellet was washed 3 times with 15 ml of 0.1 N HCl and then with water. After 
washing with HCl and water, 10 ml of 70% ethanol was added to the mixture and 
incubated in a boiling water bath for 10 minutes, and kept at room temperature for 1 day. 
The pellet was washed with ethanol two times and then air dried. The extracted pigment 
pellets were pooled for the use in DSSC. 
3.6 Extraction and purification of bacterial pigment (Orange) 
The pigments that have been produced by the bacteria isolated using solvent extraction 
method (McClean et al., 1997). 
Bacteria was inoculated and grown in the nutrient broth, and followed by centrifugation at 
7500rpm under 4°C for 20 minutes. The supernatant was discarded and 35 ml of methanol 
was added to the pellet to extract the pigment. Then, the solution was centrifuged again 
until the pellet was colourless which means that complete pigment extraction is achieved. 
After that, the bacterial cell pellet will be discarded and the supernatant that contain the 
pigment was then transferred into a new conical flask. Supernatant was undergone 
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